»' 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 156 490 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

21.11 .2001 Bulletin 2001/47 

(21) Application number: 00964674.6 

(22) Date of filing: 04.10.2000 



(51) Intci7: G1 1 C 17/00, B4lJ 2/175 

(86) International application number: 
PCT/JPOO/06935 

(87) International publication number: 

WO 01/26115 (12.04.2001 Gazette 2001/15) 



(84) 


Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


(72) 


Inventor: TAKAGI, Tetsuo 

Suwa-shi, Nagano-ken 392-8502 (JP) 




MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 


(74) 


Representative: Hoffmann, Eckart, Dipl.-lng. 

Patentanwalt, 

Bahnhofstrasse 103 


(30) 


Priority: 04.10.1999 JP 28324599 




82166 Grafelfing (DE) 


(71) 


Applicant: SEIKO EPSON CORPORATION 
Shinjuku-ku, Tokyo 163-0811 (JP) 







SEMICONDUCTOR INTEGRATED CIRCUIT, AND INK JET RECORDING DEVICE MOUNTED 
WITH THIS INK CARTRIDGE 



< 

O 

CO 
lO 



(57) A signal line is charged in a short time and sure- 
ly in a semiconductor integrated circuit including a 
charge unit for charging a signal line corresponding to 
each 1 row in response to an input of a writing instruction 
for each bit of a memory cell arranged In n rows by m 
columns (where n and m are natural numbers and so 
forth) and charging a signal line corresponding to a next 
row after writing on all bits for one column is completed, 
and perfonming writing on each 1 bit sequentially in each 
of bits for 1 column corresponding to the signal line 
charged by the charge unit. By having a delay unit, a 
time for discharging charges charged in a parasitic ca- 
pacity is reserved. An address is changed after the dis- 
charge is completed so that wrong writing does not oc- 
cur. 
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Description 
Technical Field 

[0001] The present invention relates to a semiconduc- 5 
tor Integrated circuit, an ink cartridge having the semi- 
conductor integrated circuit, and an Inkjet recording de- 
vice having the ink-cartridge attached, more particularly, 
to a semiconductor Integrated circuit having a non-vol- 
atile memory built in and using boosted voltage for data io 
writing, an ink cartridge having the semiconductor inte- 
grated circuit, and an Inkjet recording device having the 
ink cartridge attached. 

Background Art is 

[0002] Conventionally, such a semiconductor inte- 
grated circuit performs a write operation by using volt- 
age boosted by an internal booster circuit when writing 
data to a built-in, non-volatile memory. At the end of writ- 
ing, charges integrated in a signal line charged at the 
time of writing is discharged before shifting to the next 
writing operation. In this case, the discharging is per- 
formed by a discharge circuit within the semiconductor 
Integrated circuit. 25 
[0003] Fig. 13 is a circuit diagram showing a dis- 
charge circuit in a conventional semiconductor integrat- 
ed circuit. As shown In Fig. 14, the discharge circuit dis- 
charges charges integrated in a parasitic capacity Cx 
associated with a signal line to a memory cell array 5. so 
The parasitic capacity Cx is charged In the following 
manner: An address counter 2 performs a count opera- 
tion in response to an input of a write signal WR so that 
an address decoder whose input is the count value op- 
erates. The address decoder 1 03 includes a column de- 35 
coder 4 and a row decoder 3 for specifying a column 
and a row of memory cells fomnlng a memory cell array 
5, respectively The memory cell array 5 Includes a plu- 
rality of memory cells arranged in n rows by m columns. 
[0004] Each of outputs of the column. decoder 4, that 40 
Is the decoded result, is input to respective gate term!- 
nals of transistors Tr1 , Tr2,,.. andTrm which are switch- 
ing elements. The source terminal of each transistor is 
connected to a data wire DW while the drain terminal Is - 
connected to a signal line corresponding to a respective 
column of memory cells In the memory cell array 5. 
Therefore, by turning any one of transistors Tri , Tr2,... 
and Trm to the ON status with the output of the column 
decoder 4, a signal line corresponding to a respective 
column is charged by voltage of the data wire DW so 
through the respective transistor. In other words, charg- 
es are integrated in a parasitic capacity of the signal line 
corresponding to the column specified by the column 
decoder 4. For example, when the transistor Tri is 
turned ON, charges are integrated in the parasitic ca- ss 
pacity of the signal line including a node A. 
[0005] Here, the output of an input/output control cir- 
cuit 8 Is supplied to the data wire DW. The Input/output 



control circuit 8 includes an internal booster circuit 107 
for boosting the voltage of a power supply Vqq in re- 
sponse to an input of the write signal WR, an inverter 
for generating an inverted signal of the write signal WR, 
a switching transistor 1 06 to whose gate temiinal is sup- 
plied with the output of the inverter 105, that is the in- 
verted signal of the write signal WR, and a buffer 108 
having a boosted output Vpp as a power supply and sup- 
plying voltage corresponding to a value of a data input 
I/O to the data wire DW. 

[0006] In the discharge circuit 1 01 having such a con- 
struction, the write signal WR is at high level when writ- 
ing to a memory cell while the transistor 106 is in the 
OFF condition. Here, the power supply V^q is supplied 
to the Internal booster circuit 107, resulting in a higher 
potential (15 volt, for example) of the boosted output 
Vpp, The potential is supplied to the buffer 1 08 as a pow- 
er supply. Thus, voltage corresponding to a value of the 
data input I/O is supplied from the buffer 1 08 to the data 
wire DW. In this condition, turning any one of the tran- 
sistors Tri , Tr2,...to the ON condition, a signal wire cor- 
responding to the respective column is charged by the 
voltage of the data wire DW through the transistor. In 
the condition where the signal line is charged (the con- 
dition where charges are Integrated), data is written in 
each one of memory cells within the memory cell array 
5 by the sequential changes in the outputs of the row 
decoder 3. 

[0007] On the other hand, at the time of reading fomn 
the memory cells or at another time, the write signal WR 
is at the low level, and the transistor 106 is turned ON, 
At this time, the power supply Is not supplied to the 
internal booster circuit 1 07, which turns the boosted out- 
put Vpp to the low potential (6 volt, for example). The 
output of the buffer 1 08 to which the potential is supplied 
as the power supply is turned to the low level regardless 
of the value of the data input I/O. Therefore, the above- 
described integrated charges are discharged through 
the data wire DW to which the output of the buffer 108 
is supplied. For example, the charges integrated in the 
parasitic capacity Cx at node A shown are discharged 
toward ground applied to the buffer 1 08. 
[0008] In short, in the conventional discharge circuit 
101 . by turning the transistor 106 to the ON condition at 
the time the writing ends, the integrated charges are dis- 
charged. However, in the semiconductor integrated cir- 
cuit having such a discharge circuit, there are problems 
as follows: 

[0009] First of all, it takes time for removing the charg- 
es completely. Thus, there is a problem that a certain 
amount of time Is required before writing on a next mem- 
ory cell. 

[OOiO] Further, when the count value of the address 
counter varies at the time the writing ends, charges with 
higher voltage remain in the parasitic capacity, which 
may be a factor for the residual charges to cause wrong 
writing. The wrong writing will be described with refer- 
ence to Fig. 14. 
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[0011] In the figure, when writing to the X1 column of 
memory cells, the transistor Tr1 is turned ON by the col- 
umn decoder 4, first of all, and the parasitic capacity Cx 
at node A is charged. In the charged condition, writing 
is performed by the row decoder 3 in the sequence of 5 
row Y1, row Y2...to row Yn. When the writing is com- 
pleted at row Yn, the parasitic capacity Cx Is discharged 
as described above. After the discharging, the transistor 
Tr2 corresponding to a next column X2 is turned ON by 
the column-decoder 4, and the next parasitic capacity io 
Cx Is charged. In the charged condition, writing is per- 
formed by the row decoder 3 In the sequence of row Y1 , 
row Y2..:to- row Yn. Charging and discharging are re- 
peatedly perfonmed on the other signal lines in similar 
manner. Through this operation, each 1 bit is specified ^5 
in order from column XI and row y1 to column Xm and 
row Yn, and then writing is perfonmed on all bits included 
in the memory cell array 6. 

[0012] In the operation above, when transition hap- 
pens from writing on the row of X1 , the column of Yn to 20 
the writing on the writing on the row of X2, the column 
of Y1, the row of Y1 may be specified regardless of a 
condition where discharging of the signal line of the col- 
umn of X1 has not been completed. In this case, there 
is a problem that wrong writing Is performed by remain- ^5 
ing charges. 

[0013] The present invention was made In order to 
overcome the problems of the above -describe conven- 
tional technology. A purpose of the present invention is 
to provide a semiconductor integrated circuit havinjg a 30 
discharge circuit, which can surely discharge, an ink car- 
tridge using it. and an Inkjet recording device having the 
cartridge. 

Disclosure of Invention 

[0014] A semiconductor integrated circuit according 
to the present invention includes a charge unit for charg- 
ing a signal line corresponding to each 1 row in response 
to an input of a writing instruction for each bit of a mem- 40 
ory cell arranged in n rows by m columns (where n and 
m are natural numbers and so forth) and charging a sig- 
nal line corresponding to a next row after writing on all 
bits for one column is completed. The semiconductor 
integrated circuit performs writing on each 1 bit sequen- 4s 
tially In each of bits for 1 column corresponding to the 
signal line charged by the charge unit. Further, the sem- 
iconductor integrated circuit includes a delay unit for de- 
laying an input of the writing instruction to the charge 
unit for at least a time equivalent to a discharge time for so 
the signal line. 

[0015] Another semiconductor integrated circuit ac- 
cording to the present invention Includes a charge unit 
for charging a signal line corresponding to each 1 row 
In response to an input of a writing instruction for each 55 
bit of a memory cell arranged In n rows by m columns 
and charging a signal line corresponding to a next row 
after writing on all bits for one column Is completed. The 



semiconductor integrated circuit performs writing on 
each 1 bit sequentially in each of bits for 1 column cor- 
responding to the signal line charged by the charge unit. 
Further, the semiconductor Integrated circuit Includes a 
suppressing unit for suppressing a change in address 
indicating a cell to be written within a predetermined time 
after completing the writing for 1 bit. In this case, the 
suppressing unit may be a delay circuit for delaying an 
input of the writing instruction to the charge unit for at 
least a time equivalent to a discharge time for the signal 
line. 

[0016] Another semiconductor integrated circuit In- 
cludes a charge unit for charging a signal line corre- 
sponding to each 1 row in response to an input of a writ- 
ing instruction for each bit of a memory cell arranged in 
n rows by m columns and charging a signal line corre- 
sponding to a next row after writing on all bits for one 
column is completed. The semiconductor integrated cir- 
cuit performing writing on each 1 bit sequentially in each 
of bits for 1 column corresponding to the signal line 
charged by the charge unit. Further, the semiconductor 
integrated circuit includes a delay unit for differentiating 
timing for completing writing for 1 bit and timing for 
changing an address indicating a cell to be written for a 
time equivalent to a time for charging at least the signal 
line. 

[0017] The above-described charge unit comprises a 
counter for starting an count operation in response to 
an input of the writing Instruction, a column decoder for 
decoding a count value of the counter, a switching ele- 
ment for charging the signal line by connecting a prede- 
termined power supply to the signal line after tumed ON 
depending on a decoding result by the decoder, and a 
row decoder tor specifying each 1 bit sequentially for 1 
row of bits corresponding to the signal line charged 
when the switching element is turned ON. 
[0018] An ink cartridge according to the present in- 
vention has the above-described semiconductor inte- 
grated circuit, for storing at least a remained amount of 
ink on the memory cell. 

[0019] An Inkjet recording device according to the 
present invention has the above-described ink cartridge 
for printing desired image infomiation by using ink sup- 
plied from the ink cartridge. 

Brief Description of the Drawings 

[0020] 

Fig. 1 is a circuit diagram showing one example of 
a discharge circuit within a semiconductor 
integrated circuit accordingto the present in- 
vention; 

Fig. 2 is a functional block diagram for describing 
the Intemal construction of a semiconductor 
integrated circuit using the discharge circuit 
In Fig. 1 ; 
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Fig. 3 is a timing chart for describing a read-out op- 
eration on the semiconductor integration 

Fig. 4 is a timing chart for describing a write-in op- 
eration on the semiconductor integrated 

Fig. 5 is a timing chart showing an operation of 
each of the parts in Fig. 1 ; 

Fig. 6 is a waveform diagram showing the state of 
charging/discharging of a parasitic capacity; 

Fig. 7 is a diagram showing a circuit substrate on 
which the semiconductor integrated circuit 
shown in Fig. 1 Is mounted; 

Fig. 8 is a diagram showing the condition where 
the circuit substrate shown in Fig. 7 is mount- 
ed on an ink cartridge; 

Fig. 9 is a diagram showing an overview of an 
inkjet printer to which the inl< cartridge shown 
in Fig. 8 is attached; 

Fig. 10 is a diagram showing the construction of a 
carriage shown in Fig. 9. 

Fig. 11 is a diagram showing the condition before an 
ink cartridge is attached to a holder; 

Fig. 12 is a diagram showing the condition where an 
ink cartridge is attached to a holder; 

Fig. 13 is a blocl< diagram showing one example of 
a conventional discharge circuit; and 

Fig. 14 is a diagram for describing an operational 
example of the discharge circuit shown in 
Fig. 13. 

Best l^ode for Carrying Out the Invention 

[0021] Next, an embodiment of the present Invention 
will be described with reference to drawings. In each of 
drawings referenced in the description below, like parts 
are indicated by like reference numerals. 
[0022] Fig. 1 is a circuit diagram showing the structure 
of an example of a discharge circuit within a semicon- 
ductor integrated circuit according to the present inven- 
tion. The discharge circuit shown in the figure is different 
from the conventional circuit shown in Fig. 13, and a de- 
lay circuit 10 is inserted before the address counter 2. 
Further, an AND gate 109 is provided instead of buffer 
108. 

[0023] In the circuit of this structure, input of a write 
signal WR to the address counter 2 can be delayed by 
the delay circuit 10. That is, by delaying the update tim- 
ing of an address after writing, it is arranged to perform 



discharge from a column selecting transistor through the 
AND gate 109. More specifically, the discharge Is per- 
formed through a transistor in the output stage of the 
AND gate 109. 

5 [0024] In general, in this type of semiconductor inte- 
grated circuit, there is a margin to address updating at 
a trailing edge. However, like the present circuit, when 
the address counter 2 that is automatically incremented 
is built in, the charges as described above remain unless 

10 the discharge time is long enough. Thus, in the present 
circuit, the transition timing of the write signal and the 
address updating timing are different. More specifically, 
the discharge time can get a margin by delaying the ad- 
dress updating timing for a predetermined amount of 

IS time with respect to the transition timing of the write sig- 
nal. 

[0025] In this case, the discharge speed depends on 
the driving capability (equivalent resistance), and the 
delay tinie can be calculated as the product of an equiv- 

20 alent resistance R and a capacity Cx, that is, a time con- 
stant. Further, in order to reduce thef size of the circuit 
as much as possible, it is convenient to keep the inser- 
tion of the delay circuit 1 0 at one point. Thus, in this em- 
bodiment, it is provided at a position before the address 

25 counter 2 (input side). 

[0026] Rg. 2 is a functional block diagram for describ- 
ing the internal structure of a semiconductor integrated 
circuit using the discharge circuit shown in Fig. 1. As 
shown in the figure, semiconductor integrated circuit 1 

30 includes an address counter 2 for performing an count 
operation, a row decoder 3 and a column decoder 4 for 
decoding a count value in the address counter 2 in order 
to create an address, the memory cell array 5 for storing 
data, a write/read control circuit 6 for controlling a latch 

35 circuit 7 and a buffer B depending on writing into or read- 
ing out of the memory cell array 5, the latch circuit 7 
controlled by the write/read control circuit 6 to assume 
a latch status or a through status, the input/output con- 
trol circuit 8 for controlling input and output of data to 

40 the memory cell array 5, AND gates G1 to G3, and the 
delay circuit 10 tor delaying write signals. Further, the 
semiconductor integrated circuit 1 is provided with ex- 
ternal terminals PI to P6. 

[0027] The count value of the address counter 2 is in- 
45 rtialized to a predetermined value based on the Inverted 
signal of a chip-select Input signal CS Input to the exter-. 
nal terminal P1 . Further, the address counter 2 creates 
updated address data based on a signal Input from the 
AND gate G1 . The created address data is input to the 
50 row decoder 3 and the column decoder 4. 

[0028] The column decoder 4 selects the column in- 
cluding the desired memory cell in the memory cell array 
5 based on address data input from the address counter 
2. Similariy, the row decoder 3 selects the row including 
55 the desired memory cell in the memory cell array 5 
based on the address data Input from the address coun- 
ter 2. 

[0029] Thememorycellarray 5 is formed by arranging 
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a plurality of memory cells in a matrix. Each memory cell 
in an addressed row is turned to an ON status by a select 
signal from the row decoders, while a select signal from 
the column decoder 4 enables infonnation stored In the 
memory cell to be read and written. In this case, it is 5 
assumed that the memory cell array 6 is f omied by non- 
volatile memory cells. 

[0030] The write/read control circuit 6 determines 
whether writing or reading is performed on the memory 
cell array 5 based on the chip-select control signal CS io 
input to the external tenninal P1 and signals output from 
an AND gate G2 or G3. The output of the AND gate G2 
is write signal WR. The latch circuit 7 outputs read data 
of the memory cell an'ay 5. which is output from the In- 
put/output control circuit 8, to an external terminal P6 
after keeping it for a predetemiined period of time based 
on a control signal from the write/read control circuit 6. 
The latch circuit 7 performs either a latch operation or a 
through operation depending on the output of the write/ 
read control circuit 6. The latch circuit 7 performs the 
latch operation when the output of the write/read control 
circuit 6 is at the low level, whereas the latch circuit 7 
perfonns the through operation when the output of the 
write/read control circuit 6 is at the high level. The latch 
operation is an operation for maintaining the output sta- 
tus. The through operation is an operation for sending 
out the input signal as an output signal as it is. 
[0031] The input/output control circuit 8 writes, into 
the memory cell array 5, data Input to the external ter- 
minal P6. or conversely, outputs read-out data to the ex- 
ternal tenninal P6 through the latch circuit 7. The Input/ 
output control circuit 8 is operated by the write signal 
WR. The write signal WR is input to the address counter 
2 after being delayed by the delay circuit 10. The delay 
time of the delay circuit 1 0 is a time substantially equal 
to the time for discharging charges accumulated on the 
above-described parasitic capacity Cx. According to the 
structure above, data writing Is performed on the mem- 
ory cell array 5. The written data is/for example, a re- 
maining amount of ink. By writing the amount of remain- 
ing Ink, the remaining amount of ink can be always mon- 
itored. 

[0032] The AND gate G1 outputs, to the address 
counter 2 and the AND gate G2 or G3, a signal which is 
the conjunction of the chip-select control signal CS input 
via the external temnlnal P1 and a clock Input signal OK 
input via the extemal terminal P2. 
[0033] The AND gate G2 outputs, to the write/read 
control circuit 6, a signal which Is the conjunction of the 
output signal from the AND gate G1 and a write/read 
input signal W/R from the external tenninal P3. On the 
other hand, the AND gate G3 outputs, to the write/read 
control circuit 6, a signal which is the conjunction of the 
output signal from the AND gated and the inverted 
signal of the write/read input signal W/R from the exter- 
nal terminal P3. 

[0034] More specifically, when the input signal from 
the AND gate G1 is "L", the outputs of the AND gates 



G2 and G3 are both "L". On the other hand, when the 
input signal from the AND gate G1 is "H", and a write/ 
read input signal W/R Is "H". the output of the AND gate 
G2 is "H" while the output of the AND gate G3 is "L". 
Conversely, if the write/read input signal W/R is "L", the 
output of the AND gate G2 is "L" while the AND gate G3 
is "H". In this way, the AND gates Ci2 and G3 are ar- 
ranged not to vary their outputs even if the write/read 
input signal W/R varies. 

[0035] The external terminal P1 is a tenninal for input- 
ting the chip-select input signal CS, that Is a control sig- 
nal STB for selecting a specific device when a plurality 
of devices exist at the same time, for initializing the ad- 
dress counter 2, and for shifting the operation mode. 
That is, the external temninal PI in this embodiment Is • 
a terminal used both as a control terminal tor initializing 
an address counter and as a control tenninal for shifting 
the operation mode. 

[0036] The external terminal P2 is a tenninal for input- 
ting the clock input signal CK that is a reference for the 
semiconductor integrated circuit 1 to operate. The ex- 
ternal terminal P3 is a terminal for inputting the write/ 
read input signal W/R for specifying ah access operation 
on the memory cell array 5 built in the semiconductor 
integrated circuit 1 . 

[0037] The external terminals P4 and P5 are input ter- 
minals for applying operational voltage at a high poten- 
tial voltage level Vp^ and at a low potential voltage level 
Vss^o''the semiconductor integrated circuit 1 to oper- 
ate. The external terminal P6 is an input/output terminal 
for inputting data to be actually written into the memory 
ceil array 5 built in the semiconductor integrated circuit 
1 and/or for outputting data read out from the memory 
cell array 5. 

[0038] Next, operations of the semiconductor inte- 
grated circuit according to this embodiment will be de- 
scribed with reference to Figs. 3 and 4. 
[0039] Fig. 3 is a timing chart for describing a readout 
operation on the semiconductor integrated circuit. Fig.2 
shows the chip-select control signal CS, the write/read 
input signal W/R. the clock CLOCK, the count values of 
the address counter 2, and the input/output signals I/O 
at the external temninal P6 in Fig. 2. When the readout 
Is performed on the memory cell array 5, "L" is applied 
to the external tenninal PI , first of all, to initialize the 
address counter 2. Next, "H" is applied to the external 
terminal P1 , and clock pulses for an intended readout 
start address are input via the extemal terminal P2. Dur- 
ing inputting the clock pulses, "L" for specifying the re- 
adout is applied as a write/read Input signal W/R to the 
external terminal P3. 

[0040] The address corresponding to data to be read 
is output in a period when the clock-input signal CK is 
turned to "L". During the period when the clock input sig- 
nal CK is "H", the data is maintained since it is latched 
within the latch circuit 7 at the leading edge. At the trail- 
ing edge, the address is incremented, and data for the 
next address is output from the external tenninal P6. 
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[0041] Fig. 4 Is a timing chart for describing a write 
operation on the semiconductor integrated circuit, for 
example. Fig. 4 shows the chip-select control signal CS, 
the write/read input signal W/R. the clock CLOCK, the 
count values of the address counter 2, and the Input/ 
output signals I/O at the external tenminal P6. When a 
write Is perfonned on the memory cell anray 5, "L" Is ap- 
plied to the external terminal P1 In a condition where the 
write/read input signal W/R is "L" in order to initialize the 
address counter 2. Next, "H" is applied to the external 
terminal PI , and clock pulses for an intended write start 
address are input via the external terminal P2. Then, 
during the write operation, "H" for specifying the write is 
applied as the write/read input signal W/R to the external 
tenninal P3. 

[0042] Next, a process for Instructing the semicon- 
ductor Integrated circuit 1 to perform memory initializa- 
tion and operation mode shifting will be described. As 
described above, when "L" is applied to the external ter- 
minal P1 , the address counter 2 is initialized. This Is a 
procedure absolutely required for initialization of the 
semiconductor integrated circuit 1 and the same is done 
for circuits other than the memory cell array 6, including 
the write/read control circuit 6. Here, the external termi- 
nal P6 is open (high-Impedance condition). 
[0043] In addition, when "L" Is applied to the external 
tenninal P1 , the stand-by signal STB for the operation 
mode shifting is turned to "L": and the operation mode 
of the semiconductor integrated circuit 1 is shifted to the 
stand-by mode. When the operation mode of the semi- 
conductor Integrated circuit 1 is shifted to the stand-by 
mode, operation of parts where current flows steadily is 
tenninated to achieve a reduction of the current con- 
sumption. More specifically, the sense amplifier provid- 
ed within the Input/output control circuit 8, for example, 
always needs current flow. Therefore, in order to sup- 
press power consumption in the present circuit in the 
stand-by mode, the source voltage to supplied to the In- 
put/output control circuit 8 Is turned to OFF. 
[0044] Thus, in this embodiment, when the chip-se- 
lect input signal CS is "L", that is, when the external ter- 
minal PI is in an unselected condition, the address 
counter 2 is initialized and the semiconductor integrated 
circuit 1 is shifted to the stand-by mode. Since these 
instructions are controlled by inputs to the external ter- 
minal PI , that is a dual-usage tenninaL the memory In- 
itialization function and the function for shifting to the 
stand-by mode are provided, achieving a reduction of 
the number of external terminals. Further, the control 
tenninal f orthe memory initialization and the control ter- 
minal for operation mode control are combined to one 
dual-usage terminal, which makes the control easier. 
[0045] In this case, the functions for the circuit block 
initialization and the operation mode shifting may be ar- 
ranged such that the address counter 2 is initialized and 
the semiconductor integrated circuit 1 is shifted to the 
stand-by mode when the logical operation between the 
Input to the external terminal P1 and the input to other 



terminals is in the unselected condition. 
[0046] Fig. 5 is a timing chart showing timing for ad- 
dress changes for write signals in the conventional cir- 
cuit and the present circuit, respectively. Referring to the 
5 figure, voltage of the data wire DW is changed synchro- 
nously with the timing of leading and trailing edges of 
the write signals WR. In this example, the voltage alter- 
nates between 0 volt and 15 volt. In the conventional 
circuit, since the delay circuit 1 0 is not provided, the cen- 
to tent at an address ADBS1 is changed synchronously 
with the trailing edge of the voltage waveform of the data 
wire DW. Thus, the address is changed before dis- 
charge of integrated charges in the parasitic capacity Is 
completed, and wrong writing may be performed. 
15 [0047] On the other hand, since the delay circuit 1 0 Is 
provided in the present circuit, the content of an address 
ADRS2 is changed with a small delay compared to the 
case of the address ADRS1 . Here, If the delay time is 
defined as a time enough for completing the discharge 
so of charges Integrated In the parasitic capacity, the ad- 
dress is changed after the completion of the discharge. 
Therefore, In the present circuit, wrong writing is not 
caused. In other words, by suppressing a change In ad- 
dress for a predetermined period of time, the wrong writ- 
es ing can be prevented. 

[0048] In Fig. 6, a charging/discharging wavefomn in 
the conventional circuit and a charging/discharging 
wavefomri in the present circuit are shown. With respect 
to the voltage change on the data wire DW, charges in- 
30 tegrated In the parasitic capacity are discharged slowly 
in a node A of the conventional circuit, as shown in the 
figure. Therefore, the address is changed before the 
completion of the discharge, and wrong writing may oc- 
cur. 

35 [0049] On the other hand, in the present circuit, with 
respect to the voltage change on the data wire DW, 
charges integrated in the parasitk: capacity are dis- 
charged quickly in a node A'. Therefore, the address is 
changed after the completion of the discharge, and the 

40 wrong writing does not occur. 

[0050] As described above, since a delay circuit is 
provided In the present circuit, the address change is 
suppressed for a predetenmined period of time. Thus, 
since the time for discharging charges accumulated in 

45 the parasitic capacity can be reserved, and since the 
address Is changed after the discharge is completed, 
wrong writing does not occur. 

[0051] Figs. 7(a) to 7(e) are diagrams showing a cir- 
cuit substrate on which the semiconductor integrated 

so circuit according to this embodiment is provided. As 
shown in Fig.7(a), contacts 12 are formed on a surface 
side of a circuit substrate 1 1 . These contacts 1 2 are con- 
nected to the above-described external terminals PI to 
P6. Further, as shown in Fig. 7(b), the semiconductor 

55 integrated circuit 1 is implemented or mounted on the 
back side of the circuit substrate 11. 
[0052] As shown in Fig. 7{c). the circuit substrate 11 
Is in a substantially rectangular plate fomn. The circuit 
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substrate 11 is provided with a notch portion 11a and a 
hole portion 11 b. They are used for positioning the cir- 
cuit substrate 11 when mounted on an ink-cartridge de- 
scribed below. Further, as shown in Fig. 7(d). a recess 
1 2a may be provided on the surface of each of the con- 5 
tacts 12 provided on the circuit substrate 11. Providing 
the recess 12a, as shown in Fig. 7(e) Improves the elec- 
tric connection condition with a contact 29 provided on 
the ink cartridge described below. 

[0053] Figs. 8(a) and (b) are diagrams for showing the io 
circuit substrate shown in Fig. 7attached to an ink car- 
tridge. Fig. 8(a) shows a case where the circuit substrate 
1 1 Is mounted on a black ink cartridge 20 accommodat- 
ing black ink. The black ink cartridge 20 accommodates, 
in a container 21 formed as a substantially rectangular is 
parallelepiped, a porous body, not shown, impregnated 
with black Ink, and the top surface is sealed by a lid body 
23. On the bonom surface of the container 21 , an Ink 
supplying outlet 24 Is formed at a position facing to an 
ink supplying needle when attached to a holder. In ad- 
dition, an overhang portion 26 associated with a projec- 
tion of a lever of the body is fomned integrally at an upper 
edge of a vertical wall 25 at the side of the ink supplying 
outlet. The overhang portions 26 are formed on both 
sides of the wall 25 separately, and each has a rib 26a. 
Further, a triangular rib 27 is fomied between a bottom 
surface and the wall 25. 

[0054] The circuit substrate 1 1 is attached to the side 
where the ink supplying outlet of the horizontal wall 25 
is fomned. The circuit substrate 1 1 has a plurality of con- 
tacts on a surface facing the contacts of the body and 
has a memory element on the back surface. In addition, 
projections 25a and 25b and overhang portions 25c and 
25d are fomned on the horizontal wall 25 in order to po- 
sition the circuit substrate 11 . 

[0055] On the other hand. Fig. 8(b) shows a case 
where the circuit substrate 11 is attached to a color ink 
cartridge accommodating color ink. The color ink car- 
tridge 30 accommodates, in a container 31 formed as a 
substantially rectangular parallelepiped, a porous body, 
not shown. . impregnated with ink and sealed with a lid 
body 33 on the upper surface. 

[0056] Five ink accommodating portions accommo- 
dating five colors of color ink separately and respectively 
are sectlonally fomied Inside of the container 31 . At the 
bottom surface of the container 31 , an ink supplying out- 
let 34 is formed for each ink color at a position facing a 
respective ink supplying needle when attached to the 
holder. In addition, overhang portions 36 associated 
with a projection of a lever of the body is fonned inte- 
grally at an upper edge of a vertical wall 35 at the side 
of the ink supplying outlet. The overhang portions 36 are 
fomned on the both side of the wall 35 separately, and 
each has a rib 36a. Further, a triangular rib 37 is formed 
between a bottom surface and the wall 35. Furthermore, 
the container 31 has a recess 39 in order to prevent a 
.mis-insertion. 

[0057] A recess 38 is formed at a side of the horizontal 



wall 35 where an ink supplying outlet is f omied such that 
it is positioned at the center of each cartridge 30 in the 
width direction, and the circuit substrate 11 is attached 
here. The circuit substrate 11 has a plurality of contacts 
on a surface facing to the contacts of the body and has 
a memory element on the back surface. In addition, pro- 
jections 35a and 35b and overhang portions 35c and 
35d are formed on the horizontal wall 35 in order to po- 
sition the circuit substrate 11 . . 
[0058] Fig. 9 is a diagram showing an overview of an 
Inkjet printer (Inkjet recording device) to which an ink 
cartridge shown in Fig. 8 is attached. In Fig. 9, a holder 
44 for accommodating each of the black ink cartridge 
30 shown in Fig. 8(a) and the color ink cartridge 30 
shown in Fig. 8(b) Is formed in a carriage 43 connected 
to a driving motor 42 through a timing belt 41 . Further, 
a recording head 45 for receiving the supply of ink from 
each of the ink cartridges 20 and 30 is provided at a 
bottom surface position on the carriage 43. 
[0059] Ink supply needles 46 and 47 communicating 
with recording head 45 are provided vertically on the 
bottom surface of the carriage 43 such that they are po- . 
sitioned at the Inner part of the device, that is on the side 
of the timing belt 41 . 

[0060] Fig. 1 0 is a diagram showing the construction 
of the carriage shown in Fig. 9. As shown in Fig. 10, 
levers 51 and 52 are mounted rotatably with respect to 
axes 49 and 50 as fulcrums at the upper edge of a ver- 
tical wall 48 closely facing to the ink supply needles 46 
and 47 among vertical walls forming the holder 44. 
[0061 ] The wall 53 positioned on the side of free edg- 
es of the levers 51 and 52 has a slope portion where the 
bottom surface side Is cut diagonally. Further, contact 
mechanisms 54 and 55 are provided on the vertical wall 
48. The contact mechanisms 54 and 55 are connected 
to the above-described contacts provided on the circuit 
substrate 11 in a condition where the ink-cartridge is at- 
tached. Thus, ink-cartridge recording can be performed 
by using ink within the ink cartridge. 
[0062] Additionally, a base platform 56 is mounted on 
the vertical wall 48 of the holder 44. Then, a circuit sub- 
strate 57 Is mounted on the back surface of the base 
platform 66. The circuit substrate 57 is electrically con- 
nected with the contact mechanisms 54 and 55, result- 
ing In that the circuit substrate 11 and the circuit sub- 
strate 57 provided in the Ink cartridge are electrk:ally 
connected. 

[0063] Fig. 11 is a diagram showing the condition be- 
fore the ink cartridge is attached to the holder while 
Figs. 1 2(a) to (c) are diagrams showing conditions where 
the ink cartridge is attached to the holder. As shown in 
Fig. 1 1 , when the lever 51 is closed In a condition where 
the ink cartridge 20 is inserted to the holder 44, the ink 
cartridge 20 is pressed gradually in a direction of an ar- 
row Y. Here, the condition shown in Fig. 12(a) turns to 
the condition shown in Fig. 12(c). and the ink supply 
needle 46 is inserted into of the ink cartridge 20. Ink isi 
supplied from the Ink cartridge 20 in a condition where 
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spending to each 1 row in response to an input of a 
writing instruction for each bit of a memory cell ar- 
ranged in n rows by m columns and charging a sig- 
nal line corresponding to a next row after writing on 

5 all bits for one column is completed, the semicon- 
ductor integrated circuit perfonning writing on each 
1 bit sequentially in each of bits for 1 column corre- 
sponding to the signal line charged by said charge 
means, and suppressing means for suppressing a 

10 change in the address specifying a cell to be written 
within a predetermined time after completing the 
writing for 1 bit. 

3. A semiconductor Integrated circuit according to 
15 claim 2, wherein said suppressing means is a delay 
circuit for delaying an input of said writing instruction 
to said chargeimeans for at least a time equivalent 
to a discharge- time for said signal line. 

20 4. A semiconductor integrated circuit, comprising 
charge means for charging a signal line corre- 
sponding to each 1 row in response to an input of a 
writing instruction for each bit of a memory cell ar- 
ranged in n rows by m columns and charging a sig- 

25 nal line corresponding to a next row after writing on 
all bits for one column is completed, the semicon- 
ductor integrated circuit performing writing on each 
1 bit sequentially in each of bits for 1 column corre- 
sponding to the signal line charged by said charge 

30 means, and delay means for making different the 
timing for completing writing for 1 bit and the timing 
for changing the address specifying a cell to be writ- 
ten for a time equivalent to a time for charging at 
least said signal line. 

35 

5. A semiconductor integrated circuit according to any 
one of claims 1 to 4, wherein said charge means 
comprises a counter for starting an count operation 
in response to an input of said writing instruction, a 

40 column decoder for decoding the count value of 
said counter, a switching element for charging said 
signal line by connecting a predetemnined power 
supply to said signal line after being turned ON de- 
pending on the decoding result by said decoder, 

45 and a row decoder for specifying each 1 bit sequen- 
tially for 1 row of bits corresponding to the signal 
line charged when said switching element is turned 
ON. 



the ink supply needle 46 is inserted into of the ink car- 
tridge 20 and the inkcartridge20 is attached to the hold- 
er 44 completely, that Is. in the condition shown in Fig. 
12(c). 

[0064] In the condition shown in Fig. 12(c). the con- 
tacts 12 provided on the circuit substrate 1 1 and the con- 
tacts 29 on the circuit substrate 57 provided on the side 
of the holder 44 are electrically connected. Thus, an 
Inkjet printer can read and write data freely to/from the 
semiconductor integrated circuit 1. More specifically, 
when the power supply of the printer is ON, "L" is applied 
to the external temninal P1 , while "H" is applied when a 
read or write operation heeds to be performed. It can 
simplify the logic and contribute to the reduction of the 
chip size. 

Industrial Applicability 

[0065] Thus, In this embodiment, there is an effect 
that, by defining a delay of timing as a time equal to or 
more than atime required forcharge discharging, wrong 
writing due to residual charges can be prevented. 
[0066] In general, several bits including 8 bits and 16 
bits are regarded as one word, and this is often handled 
as a unit for reading and writing. However, in this case, 
a buffer is needed for storing one word temporally. Thus, 
the size of a circuit is increased, which is not suitable 
for being installed in an ink cartridge. Therefore, in the 
present circuit, reading and/or writing are performed for 
every 1 bit after dividing one word into every 1 bit. Thus, 
in the present circuit, a buffer is no longer required for 
maintaining one word, which can reduce the size of a 
circuit and allows the installation in the ink cartridge. 
[0067] Furthermore, by storing the remaining amount 
of ink in an ink cartridge, at least, the remaining amount 
of ink cartridge can be always monitored. 



Claims 

1, A semiconductor integrated circuit, comprising 
charge means for charging a signal line corre- 
sponding to each 1 row in response to an input of a 
writing instruction for each bit of a memory cell ar- 
ranged in n rows by m columns (where n and m are 
natural numbers and so forth) and charging a signal 
line corresponding to a next row after writing on all 
bits for one column is completed, the semiconduc- 
tor integrated circuit performing writing on each 1 
bit sequentially in each of bits for 1 column corre- 
sponding to the signal line charged by said charge 
means, and delay means for delaying an input of 
said writing instruction to said charge means for at 
least a time equivalent to a discharge time for said 
signal line. 

2. A semiconductor integrated circuit, comprising 
charge means for charging a signal line conre- 



50 6. An ink cartridge having the semiconductor integrat- 
ed circuit according to any one of claims 1 to 5, for 
storing at least a remaining amount of ink on said 
memory cell. 

55 7. An Inkjet recording device having an ink cartridge 
according to claim 6 for printing desired image in- 
formation by using ink supplied from the ink car- 
tridge. 
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